, and Walter Wilczynski 3 Hummingbirds possess a number of unique features. A recent report in Current Biology [1 ] s howed that the Black Jacobin (Florisuga fusca), a Brazilian hummingbird in the Topazes clade, produces highfrequency vocalizations outside the known hearing range of birds. Here, we report that four hummingbird species in the Andean clade [2, 3] also exhibit high-frequency vocalizations: the Ecuadorian Hillstar (Oreotrochilus chimborazo), with the highest fundamental frequency (mean F 0 = 13.4 kHz), the Buff-tailed Coronet (Boissonneaua fl avescens), Speckled Hummingbird (Adelomyia melanogenys) and Violet-tailed Sylph (Aglaiocercus coelestis). The presence of high-frequency vocalizations in hummingbirds belonging to different lineages poses the question of whether high-frequency vocalizations in this group of birds have been, so far, overlooked. These Andean species are closely related but live in two different habitats. Our characterization of ambient noise in each habitat suggests that the hummingbirds are exposed to different acoustic challenges, and that the frequency content of the vocalizations of the cloud-forest species is adapted accordingly. The function of these signals and the selection pressures driving their evolution remain unknown.
Vocal communication is fundamental for social interactions in many species and it infl uences mating and territoriality [4 ,5] . The interspecifi c diversity in vocal features is driven by morphological and ecological factors [6 ] . Birds have been traditionally thought to vocalize and hear mostly in the range of 2-5 kHz, with hearing sensitivity falling rapidly after that range and not reaching 10 kHz [7 ] . However, as in the Black Jacobin, high-frequency vocalizations in the Andean hummingbirds fall outside of the known hearing range of most birds.
We recorded vocalizations at three locations for O. chimborazo, and three sites for B. fl avescens, A. melanogenys, and A. coelestis (Supplemental Information). We used TASCAM DR-40 recorders (TEAC Inc., CA, USA) and a parabolic microphone (Wildtronics LLC, OH, USA) to collect a total of 137 recordings of vocalizations from the four species. Additionally, we sampled the ambient noise in each location to reconstruct a profi le of the acoustic conditions in each habitat.
O. chimborazo, living in highaltitude grasslands, vocalized at high F 0 (13.4 kHz). These vocalizations Correspondence were complex and composed of three different phrases. The fi rst two were shorter, rich in frequency modulation, and within a narrow frequency range (13.3-16.4 kHz), while the third phrase was composed of several fast trills with energy concentrated between 10-16 kHz, short intervals, and one note dropping to 7 kHz ( Figure 1A ; Supplemental Information). The fi rst harmonics of several elements in the song were in the ultrasonic range (~28 kHz). Hillstars produced this vocalization while perched atop Chuquiraga jussieui fl owers. To our knowledge, this is the fi rst report of high-frequency vocalizations in this species and the highest fundamental frequency in a bird vocalization known to date. (9.701 kHz, 11.697 kHz, and 11.848 kHz, respectively) (Figure 1B-D We compared the fundamental frequency of each hummingbird vocalization to the frequency content of the ambient noise in each habitat. Our characterization of habitat acoustics in the grasslands showed that environmental noise was concentrated below 5 kHz ( Figure  1E ) and was produced mainly by wind. In contrast, most of the noise in the cloud forest came from insects (12.5-15 kHz) and other birds (3-9 kHz) ( Figure 1F ). Our comparison showed that the three species of hummingbirds in the cloud forest broadcasted their calls in a relatively noise-free frequency band in their habitat. Meanwhile, the acoustic environment in the grasslands showed that the Ecuadorian Hillstar had little acoustic competition. However, it is possible that highfrequency noise may be present at times of the year not represented in our samples. Because our samples of environmental noise are limited in both habitats, we urge caution in interpreting their effect on call evolution.
These results show that highfrequency vocalizations are more widespread in hummingbirds than previously thought. In addition, the different environmental noise profi les between the cloud forest and the grasslands suggest that calling at such high frequencies may be, at least in part, an adaptation in some hummingbirds in the cloud forest to avoid noise interference. This may not apply to O. chimborazo in the grasslands. Furthermore, the radical difference in structure of high-frequency vocalizations among these four species suggests that they are exposed to additional selection pressures in their respective habitats. Studies on hummingbirds producing high-frequency vocalizations such as those reported here will be key to elucidate auditory adaptations that allow the use of these vocalizations in conspecifi c communication. Similar studies have been successfully carried out in some anurans [8, 9] . S o far, there is no evidence that hummingbirds can hear frequencies in the range of the vocalizations reported here, although it would be very surprising if these species produced conspicuous calls that they cannot hear. A study on the Bluethroated Hummingbird (Lampornis clemenciae), which exhibits highfrequency and ultrasonic components in its song, failed to demonstrate that these birds could hear these frequencies [10 ] . I nterestingly, the best frequency sensitivity in this hummingbird matched some of the low-frequency components of the song, suggesting that vocal production is still consistent with hearing in L. clemenciae. Additional studies are also necessary to understand the biological relevance of high-frequency vocalizations in hummingbirds. Andean hummingbirds provide a model to study the evolution of high-frequency vocalizations in hummingbirds because they share a recent evolutionary history, coinciding with the geologically recent uplift of the Andes [3] . T his condition is ideal for comparative studies in search of the ecological factors explaining the use of high-frequency vocalizations as communication signals in hummingbirds.
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